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Thirty-five healthy adults were studied by two-dimen-
sional echocardiography to attempt to standardize a sim-
pie method for measurement of intracardiac dimensions.
Both ventricles and the atria and aorta were measured
in fivedifferent views: parasternal leng-axis, parasternal
short-axis at the level of the aortic valve, the chordae
tendineae and the papillary muscles and an apical four
chamber view. The minor axis of each chamber was
measured in all five views; the major axis in the apical
four chamber view also was measured. All measure-
ments are presented as a range of values (mean and 2
standard deviations about the mean); the mean value is
given as well as the absolute range of values measured .
Normalization according to body surface area is also
presented .
Normal measurements for various intracardiac chambers and
great vessels have long been established using M-mode
echocardiography (1 ,2). In two-dimensional echocardiog-
raphy, a few studies have been performed to establish nor-
mal dimensions for the left ventricle (3) and the left atrium
(4). Weyman (5) has presented normal values (obtained
from3 to 25 normal subjects) for a large numberof chamber
dimensions. If we limit ourselves to the parasternal long-
and short-axis views, the measurements by two-dimensional
echocardiography should be similar to those obtainedby M-
mode echocardiography. Often, only apical echocardio-
graphic views can be recorded adequately and there is an
imperfect similarity betweenthese views and the parasternal
views regarding walls visualized. In the apical fourchamber
view, all four chambers are visualized, but they are imaged
nearly perpendicular to the parasternal short-axis plane and
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Data from these multiple views allow assessment of
asymmetry of cardiac chambers in normal subjects . The
mean minor axis dimension at end-diastole of the right
ventricle in the parasternal long-axis view (1.9 to 3.8
cm) was 13.6% smaller than in the four chamber view
(2.2 to 4.4 cm), whereas the minor axis dimension of the
left ventricle in the parasternal long-axis view (3.5 to 6.0
cm) was only 1.1% larger than in the four chamber view
(3.3 to 6.0 ern) . Therefore, the right ventricular minor
axis dimensions are not interchangeable. Reproducibil-
ity in 10 subjects for all dimensions showed a maximal
variability of 4.8%. These values permit a standardized
and expeditious method for measuring intracardiac di-
mensions by two-dimensional echocardiography.
are approximately 60 to 90° rotated from the parasternal
long-axis plane. Therefore, we cannot assume that the mea-
surements obtained by M-mode echocardiography from the
parasternalposition are interchangeable with those obtained
in the apical four chamber view. Measurements of the right
heart chambers by M-mode echocardiography are quite de-
pendent on transducerplacement; thus. normal sizes of these
chambers by two-dimensional methods are not established.
The purpose of this study was to establish the normal
range for cardiac chamber sizes by two-dimensional echo-
cardiography. Comparisons also were made between mea-
surements by two-dimensional echocardiography in the four
chamber view and in the parasternal position.
Methods
Subjects. A total of 39 healthyadult volunteers with no
history of cardiopulmonary disease, and with a normalphys-
ical examination and a normal blood pressure, were re-
cruited amonghospital personnel to participatein this study.
Of these 39 subjects. 35 (19 men and 16 women). 18 to 60
years old, had a two-dimensional echocardiogram suitable
for obtaining measurements in all echocardiographic views.
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Figure 1. Intracardiac dimensions were obtained from five dif-
ferent echocardiographic views: the apical four chamber view (a),
parasternal short-axis view at the level of the chordae tendineae
(b) and at the papillary muscle level (not illustrated), parasternal
long-axis view (c) and the parasternal short-axis view at the level
of the aorta (d). The various minor and major axes were obtained
as the arrows indicate. For details, see text. Ao = aorta; LA =
left atrium; LV = left ventricle; RA = right atrium; RV = right
ventricle.
LA
d)
b)
c)
to the major axis at half of the length of the latter (Fig. la).
For each dimension, two consecutive beats were ana-
lyzed and the average calculated. All measurements of the
two ventricles and the aorta were made at end-diastole and
of the two atria at end-systole. The left ventricular minor
axis was also measured at end-systole in the parasternal
long-axis view, in the two parasternal short-axis views and
in the apical four chamber plane. The left ventricular percent
fractional shortening was calculated for these four views.
The mean and 2 standard deviations about the mean for each
measurement were calculated for the group and displayed
as a range of normal values; normalization for body surface
area was also computed. The correlations between various
minor axis measurements in the apical four chamber view
and the parasternal views were noted.
Ten of these subjects were asked to have their echocardio-
gram recorded twice within 2 to 3 days to assess reproduc-
ibility of intracardiac measurements over time.
Echocardiographic study. The echocardiographic ex-
aminations were performed with a Hewlett-Packard sector
scanner 77020A and a 2.5 MHz transducer. Each subject
was examined in the 30 to 60° left lateral decubitus position.
Five echocardiographic views were recorded: parasternal
long-axis, parasternal short-axis at the level of the aorta,
the chordae tendineae and the tip of the papillary muscles,
and an apical four chamber view. These recordings were
obtained in held midexpiration to minimize beat to beat
variation in right-sided chamber sizes secondary to respi-
ration. A lead II electrocardiogram and a phonocardiogram
were recorded and displayed on the sector scanner. End-
diastole was identified as the peak of the R wave and end-
systole as the second heart sound in the phonocardiogram.
Analysis of data. The Hewlett-Packard sector scanner
had a built-in movable electronic caliper system that auto-
matically calculated the distance between two points. Mea-
surements of all chambers were made directly on the sector
scanner video screen with the aid of the caliper system. The
linear measurements obtained were: the minor axis of the
aorta, major and minor axes of the left and right ventricles
and the left and right atria.
In the parasternal long-axis view, the aorta was measured
at the valve plane perpendicular to the walls of the aortic
root. We used the leading edge of both aortic root echoes
to standardize our measurements. The left atrium was mea-
sured at the aortic valve plane and also perpendicular to the
aortic root, utilizing the leading edges of the atrial posterior
wall and posterior aortic root (Fig. lc). The left ventricular
minor axis dimension was measured at the level of the chordae
tendineae, perpendicular to a hypothetical major long axis
of the left ventricle (Fig. Ic). The right ventricular minor
axis was measured at the same level as the left ventricular
minor axis dimension parallel to this linear measurement.
In the parasternal short-axis view, the aorta and left
atrium were placed in the center of the sector image and
the measurements were obtained vertically across the aorta
and left atrium (Fig. ld). At the chordae tendineae level,
the left ventricular dimension was obtained vertically through
the left ventricle, perpendicular to a line through the chordae
tendineae (Fig. Ib); the left ventricular dimension was also
measured at the level of the papillary muscles.
In the apical four chamber view, the major axis of each
ventricle was measured from the atrioventricular (AV) valve
plane to the apical endocardium. At one third of the length
of the major axis from the AV valve plane, the minor axis
ventricular measurement was obtained perpendicular to the
major axis (Fig. la). The major axis of the atrium was
measured from the AV valve plane to the atrial back wall
and the minor axis of the atrium was measured perpendicular
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Results
Standardized normal dimensions. The normal range
for each dimension measured (the mean ± 2 standard de-
viationsabout the mean) with normalizationfor body surface
area are shown in Table I . In addition, the calculated mean
value and the range of absolute values measured are shown.
Reproducibility. Ten subjects underwent repeat echo-
cardiographic studies within 3 days of their first study. Each
dimension from day I was compared with the same dimen-
sion from day 2. The maximal variation in measurements
was 4.8% for the group from one study to the next.
Symmetry of chambers. The degree of symmetry of
each chamber was reviewed by comparing minor axis di-
mensions in the parasternal views with those in the apical
four chamber view. The minor axis of the left ventricle in
the parasternal long-axis view was 1.9% smaller than in the
parasternalshort-axis view and 1.1% larger than in the apical
four chamber view. The minor axis of the right ventricle in
the parasternal long-axis view was 13.6% smaller than in
the apical four chamber view. The minor axis of the left
atrium in the parasternal long-axis view was of the same
size as in the parasternal short-axis view and 0.9% larger
than in the apical four chamber view.
Discussion
Standardization of measurements of intracardiac dimen-
sions by M-mode echocardiography is well established.
However, a similar standardization of all intracardiac di-
Table 1. Cardiac Chamber Dimensions by Two-Dimensional Echocardiography
View
Apical 4-chamber
LVed major
LVed minor
LVe, minor
LV %FS
RV major
RV minor
LA major
LA minor
RA major
RA minor
NL Mean Index Abs
Range (ern) (cm) (cm/ nr') Range (e rn)
69-10.3 8 6 4.1-5 .7 7.2-10 .3
3.3- 6 I 4.7 2.2-3 .1 3.8-6 2
1.9- 3.7 2.8 1.3-2 0 2. 1- 3.9
27-50 38 26-47
6 5- 9.5 8.0 3.8-5 .3 63-9.3
2.2-4.4 3.3 1 0-2.8 2.2-4.5
4 .1-6. 1 5.1 2.3-3 5 4 .2-6. 1
2.8-4.3 3.5 1.6-2 4 2.9-43
3.5- 5.5 4.5 20-3 . 1 3.4-5 .7
2.5-49 3.7 1.7- 2.5 2 6- 5.0
B. Intracardi ac Minor Axis Dunensions: Parasternal Long- and Short-Axis Views
Parasternal long axis
t.v.,
LVe,
%FS
RV
LA
Ao
Parasternal short axis
Aorta
LA
Ao
Chordae
LV"d
LV"
LV %FS
Papillary muscles
t.v.,
LV"
LV %FS
3.5-6.0 48 23-3 .1 3.8 - 5.8
2. 1-4.0 3.1 1.4-2 .1 2.3-3 .9
25-46 36 26-45
1.9- 3.8 28 12-2.0 1.9- 3.9
2.7-45 3 6 1.6-2.4 2.8 - 44
2.2-3.6 2.9 1.4- 2.0 2.3-3 .7
2.6- 4 .5 3.6 1.6-2 .4 2.7-4 .5
2.3 - 3.7 30 1.6-24 2 7- 4 .5
3.5-6.2 48 2.3-32 38-6. 1
2.3-40 3.2 1.5- 2 2 26-4.2
27-42 34 27- 4 1
3.5-5 .8 4 .7 2.2-3 . 1 3 9-5 .8
2.2-4 .0 3. 1 1.4-22 2.5-4 I
25-43 34 25-43
Normal (NL) range = mean ± 2 standard deviations.
Abs = abso lute; Ao = aorta; LA = left atrium; LVed = left ventricle. end-di astole; LV" = left ventricle . end-s ystole; LV %FS = left ventricular
% fractional shortemng; RA = nght atrium; RV = right ventricle .
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where U = the upper one-sided confidence interval, S
measured standard deviation , 1 - a = percentage variable
for the confidence interval estimate and n = the number of
samples. If we assume that the measured standard deviation
does not change in the process of increasing our sample size
from 35 to 100 subjects, we can calculate the percent in-
crease in accuracy of the measured standard deviation. If
100 subjects were examined , we can calculate the percent
increase in the confidence interval estimate as:
Appendix
As part of this study we were interested in determining the
range of normal values for intracardiac dimensions. This
raises the question of how accurate the range is, based on
the measured standard deviation. In general, the measured
standard deviation of a normal distribution has a chi-square
distribution. We are, therefore , interested in determining
with a certainty of 95% the upper one-sided confidence
interval for any measured standard deviation. This interval
is given by the formula (7):
I n - 1U = S\ V!1 _ I '
A - a; n
not interchangeable. Weyman (5) also found the right ven-
tricular dimension in a parasternal short-axis view to be
smaller than that in the apical four chamber view. The
pyramidal shape of the right ventricle is well known, but
this makes standardized measurements from two-dimen-
sional echocardiography more necessary.
Reproducibility. Reproducibility in our 10 subjects
suggests very small variations from day to day. In a previous
study with M-mode measurements (I), intraobserver vari-
ability was very small. The choice of reference points prob-
ably contributed to the small variations in measurements.
If these linear dimensions are not strictly obtained, much
larger variations occur.
Summary. We have attempted to establish a method for
measurement of cardiac dimensions by two-dimensional
echocardiography and provide normal standards for these
dimensions . Our method is reproducible over time. Intra-
cardiac dimensions of the right ventricle are not inter-
changeable in all views, whereas the left-sided chambers
are approximately symmetric along their minor axes.
9%.
x 100
I ~ 34 _ I 99 .
',\'""0.95;34 ~ K 0.95 ,99
I 34\ K 0.95;34
1.25 - 1.13 00
x l
1.25
% increase
mensions by two-dimensional echocardiography is needed .
Such measurements are important to have available, espe-
cially for the apical four chamber view , because the apical
views are frequently the only views suitable for analysis
and standard M-mode measurements cannot automatically
be applied. We present a standardized method for measuring
these intracardiac dimensions with a normal range (defined
as mean ± 2 standard deviations) in 35 healthy adult human
subjects. The number of subjects may seem small; however,
the standard deviation has a chi-square distribution. The
95% confidence interval for the measured standard deviation
decreases only slightly as the number of subjects is increased
from 35 to 100 (see Appendix).
Two-dimensional versus M-mode echocardiographic
measurements. The left ventricular minor dimensions were
slightly larger than those obtained by standard M-mode
echocardiography, which led us to examine the data for
possible outliers. On careful review of the absolute range
of values, we found one individual with a very large body
surface area (2.30 rrr'): he was 6 feet, 6 inches (198 em)
tall and weighed 210 pounds (95.3 kg). This individual had
the upper absolute value for several dimensions including
three minor left ventricular axes and one right ventricular
minor axis . When corrected for his body surface area these
measurements were all well within the normal range . Clearly
body surface area has a direct effect on absolute measure-
ments , and comparing absolute measurements without body
surface area correction can lead to significant error.
The left ventricular dimension in the parasternal short-
axis view at the chordae tendineae level was the largest (3.5
to 6.2 em) , but because it was measured from the two-
dimensional echocardiogram, it is not identical to that mea-
sured from the standard M-mode study . The left ventricle
is not perfectly circular and the left ventricular dimension
obtained in the parasternal short-axis view at the chordae
level measures the longest possible diameter. In addition ,
endocardial definition on two-dimensional echocardiograms
is often not as precise as on M-mode study. These factors
may explain the larger values obtained by two-dimensional
echocardiography.
Minor axis dimensions in various views. Comparisons
of minor axis dimensions of various chambers in parasternal
and apical views demonstrated asymmetry of the right ven-
tricle, whereas both the left ventricle and the left atrium
were symmetric in the planes assessed. Waggoner et al. (3)
found the left ventricular minor axis in the parasternal view
to be 8% larger than in the apical four chamber view (mean
4.35 vs. 4.00 em); in the present study, the difference was
only 1.1%. Different guidelines in identification of endo-
cardium in the apical four chamber view, or different land-
marks to which to take the measurement , may account for
the difference. The right ventricular measurement from the
parasternal position was found smaller than that in the apical
four chamber view and, therefore , these measurements are
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Thus , the effort involved incollecting and analyzing another
65 subjects results in only 9% addition al confidence gained
in the measured standard deviation interval.
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